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TITLE 

METHOD FOR FORMING TRENCH CAPACITOR 
BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to a trench capacitor, and more 
particularly to a method for forming a trench capacitor with 
a collar dielectric layer to reduce the top width of the trench 
capacitor . 

Description of the Related Art 

A conventional DRAM cell consists of a MOS and a capacitor, 
and the capacitor is normally a deep trench capacitor to reduce 
the size of the memory cell. 

FIG . 1A is a top view of a deep trench array of a conventional 
DRAM. In a folded bit line structure, each active area includes 
two word lines WL1 and WL2 and a bit line BL . In FIG. 1A, DT 
is a deep trench and BC is a bit line contact. 

FIG. IB is a cross- section of a deep trench array of a 
conventional DRAM. A deep trench DT is formed in a 
semiconductor substrate 10, and a deep trench capacitor 12 
having a node dielectric and a storage node is formed in a 
bottom of the deep trench DT . A method for forming the deep 
trench capacitor 12 is described as follows. The p+ 
semiconductor substrate 10 is anisotropically etched to form 
a deep trench DT . A heavily doped oxide layer, such as ASG, 
is formed on the sidewall and the bottom of the deep trench 
DT, and annealed to diffuse ions into the semiconductor 
substrate 10 of the bottom of the deep trench to form an n+ 
type diffusion region 14 as a buried plate . A silicon nitride 
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layer 16 is formed on the sidewall and bottom of the deep trench 
DT as a capacitor dielectric layer . The deep trench DT is filled 
with a first poly layer 18 doped with n+ type ions, and the 
poly layer 108 is recessed to a predetermined depth as a storage 
node of the deep trench capacitor 12 . 

A collar dielectric layer 20 is formed on a sidewall of 
a top portion of the deep trench DT, and a second poly layer 
22 and a third poly layer 24 are sequentially formed in the 
deep trench. Word lines WL1 and WL2 , S/D 28, a bit line contact 
BC, and a bit line BL are sequentially formed. DRAMs are 
separated by ST1 structures 26. 

A buried strap outdif fusion region 30 acting as a node 
junction is formed in the semiconductor substrate 10 near an 
opening of the deep trench DT to connect the deep trench 
capacitor 12 and the MOS on the surface of the semiconductor 
substrate 10. A method for forming the buried strap 
outdif fusion region 30 is described as follows. N+ type ions 
in the second poly layer 22 are diffused into the semiconductor 
substrate 10 through the third poly layer 24, acting here as 
a buried strap. The collar dielectric layer 20 isolates the 
buried strap outdif fusion region 3 0 and the buried plate 14 
effectively to avoid retention time decrease by leakage current 
from the DRAM. 

FIG. 2A to 2E are cross-sections of a conventional method 
for forming a collar dielectric layer. 

In FIG. 2A, the deep trench capacitor 12 in the p+ type 
semiconductor substrate 10 comprises a pad silicon nitride 
layer 32, the deep trench DT, the n+ type diffusion region 
14, the silicon nitride layer 16, and the first poly layer 
18 doped by n+ type ions. 
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In FIG. 2B, the silicon nitride layer 16 on the top portion 
of the deep trench DT is removed, and the first poly layer 
18 is recessed. The exposed semiconductor substrate 10 is 
oxidized to form a first oxide layer 34 covering a sidewall 
of the top portion of the deep trench. The first oxide layer 
34 isolates the n+ type diffusion region 14 and the buried 
strap outdif fusion region 30. 

In FIG. 2C, a second oxide layer 36 is deposited by CVD, 
and anisotropic etching is performed to remove portions thereof 
from the first poly layer 18. 

In FIG. 2D, the second poly layer 22 doped by n+ type 
ions is deposited in the deep trench DT, and the second poly 
layer 22 is recessed to a predetermined depth. 

In FIG. 2E, a portion of the first oxide layer 34 and 
second oxide layer 3 6 are removed by wet etching until the 
top portion of the second poly layer 22 protrudes. The collar 
dielectric layer 20 consists of the remaining first oxide layer 
34 and the remaining second oxide layer 36. 

When forming the first oxide layer 34, a portion of the 
semiconductor substrate 10 is transformed into Si02, and 
removed by wet etching. Thus, the size of the top portion of 
the deep trench 34 is increased. 

Overlap tolerance between the word line WL and the deep 
trench DT is decreased, and the overlap region L between S/D 
diffusion region 28 and the buried strap outdiffusion region 
3 0 is reduced. Serious current leakage occurs in the buried 
strap outdiffusion region 30 , affecting a sub-Vt . The process 
of forming the first oxide layer 34 increases the top width 
of the deep trench DT . If the process is omitted, leakage 
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current between the n+ type diffusion region 14 and the buried 
strap outdiffusion region 30 is substantially increased. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method for forming 
a trench capacitor with an additional semiconductor layer on 
a single sidewall of a top portion of a deep trench to reduce 
width of the top portion. 

Accordingly, the present invention provides a method for 
forming a trench capacitor. A semiconductor substrate is 
provided, a deep trench and a deep trench capacitor are formed 
therein, the deep trench capacitor having a node dielectric 
layer and a storage node, the node dielectric layer formed 
covering a sidewall and a bottom portion between the deep trench 
and the deep trench capacitor, and the storage node filling 
the deep trench to a predetermined depth. The deep trench top 
portion is ion implanted to a predetermined angle to form an 
ion doped area on a single sidewall of the semiconductor 
substrate and the top surface of the deep trench capacitor. 
The semiconductor substrate is oxidized to form an oxide layer 
on the ion doped area . A sidewall layer is formed on the exposed 
semiconductor substrate of the deep trench using the oxide 
layer as a mask. The oxide layer is removed. A barrier layer 
is formed on the sidewall of the deep trench. The deep trench 
is filled with a conducting layer. 

Accordingly, the present invention provides another 
method for forming a trench capacitor. A semiconductor 
substrate is provided, with a deep trench and a deep trench 
capacitor formed therein, the deep trench capacitor having 
a node dielectric layer and a storage node, the node dielectric 
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layer covering a sidewall and a bottom portion between the 
deep trench and the deep trench capacitor, the storage node 
filling the deep trench to a predetermined depth, wherein the 
deep trench has a first sidewall and a second sidewall. The 
deep trench top portion is ion implanted to a predetermined 
angle to form an ion doped area on the semiconductor substrate 
of the first sidewall and the top surface of the deep trench 
capacitor. The semiconductor substrate is oxidized to form 
a first oxide layer on the ion doped area and a second oxide 
layer on the second sidewall, wherein the thickness of the 
first oxide layer exceeds the second oxide layer. The second 
oxide layer is removed to expose the semiconductor substrate 
of the second sidewall of the deep trench. A sidewall layer 
is formed on the second sidewall using the first oxide layer 
as a mask. The first oxide layer is removed to expose the 
semiconductor substrate of the first sidewall . A first barrier 
layer is conf ormally formed on the first sidewall , the sidewall 
layer, and the deep capacitor. Spacers are formed on the first 
sidewall and a sidewall of the sidewall layer sequentially. 
The deep trench is filled with a first conducting layer. The 
first conducting layer and the spacer are recessed to a 
predetermined depth sequentially. A second barrier layer is 
conf ormally formed on the first sidewall, the sidewall layer, 
and the first conducting layer . The deep trench is filled with 
a second conducting layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, 
reference is made to a detailed description to be read in 
conjunction with the accompanying drawings, in which: 



Client's ref: 91279 

Our ref: 0548 - 9828 -US/ final/Claire/Kevin 

FIG . 1A i s a top view of a deep trench array of a convent ional 

DRAM; 

FIG. IB is a cross - sect ion of a deep trench array of a 
conventional DRAM; 

FIGs. 2A to 2E are cross-sections showing a conventional 
method for fabricating a collar dielectric layer; 

FIGs. 3a to 3h are cross-section showing a method for 
forming a trench capacitor of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGs. 3a to 3h are cross-sections showing the method for 
forming a trench capacitor of the present invention. 

In FIG. 3a, a semiconductor substrate 301 is provided. 
A pad oxide layer 302 and a pad nitride layer 303 are sequentially 
formed on the semiconductor substrate 3 01, and a hard mask 
layer and a patterned photoresist layer with an opening are 
sequentially formed thereon. 

The hard mask layer is etched using the patterned 
photoresist layer as an etching mask to form an opening, and 
then the photoresist layer is removed. The pad nitride layer 
303 and the pad oxide layer 302 are sequentially etched using 
the hard mask layer as an etching mask to form a trench 304. 

In FIG. 3b, a trench capacitor is formed in a bottom of 
the deep trench 304 . The trench capacitor comprises a buried 
plate, such as n+ type diffusion region 305, a conformal 
capacitor dielectric layer 306 , and a plate, such as poly layer 
307 . 

In a method for forming the capacitor , a doped oxide layer , 
such as ASG, is formed on the sidewall and bottom of the deep 
trench 304 , and annealed to diffuse ions into the semiconductor 
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substrate 3 01 of the deep trench bottom portion to form an 
n+ type diffusion region 305. The capacitor dielectric layer 
3 06, such as an ON layer or an ONO layer, is formed on the 
sidewall and the bottom of the deep trench 304 . The deep trench 
304 is filled with an n+ type doped conducting layer, such 
as a poly layer 307. The poly layer 307 is recessed to a 
predetermined depth, acting as a storage node of the capacitor . 

In FIG. 3c, the deep trench 304 is ion implanted to a 
predetermined angle by a gas mixture containing F, such as 
chlorine gas, to form an ion doped area on a first sidewall 
304and the surface of the poly layer 307. The predetermined 
angle is about 10 to 80°. 

The semiconductor substrate 301 is oxidized to form an 
oxide layer on the exposed semiconductor substrate 301 and 
the exposed poly layer 307 of the deep trench 304. The oxide 
layer on the ion doped area is thicker than the oxide layer 
formed on the second sidewall 304b. 

After the oxide layer on the second sidewall 304b is 
removed, the oxide layer 308 remains on the first sidewall 
3 04and the poly layer 3 07 as shown in FIG. 3d. 

In FIG. 3e, a sidewall layer 309, such as p+ type 
epi- silicon layer, is formed on the second sidewall 3 04b of 
the top portion of the trench using the oxide layer 308 as 
a mask. A barrier layer 310, such as a silicon nitride layer, 
is conformally formed on the exposed semiconductor substrate 
301 of the first sidewall 304a, the poly layer 307, and sidewall 
layer 309. The material of the sidewall layer 309 is the same 
as the semiconductor substrate 301. 

In FIG. 3f, an insulating layer is conformally formed 
on the semiconductor substrate 301 and the trench 304. The 
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insulating layer is anisotropically etched to form a spacer 
on the first sidewall 304and the sidewall layer 309 of the 
trench 3 04 . 

A conducting layer is formed on the semiconductor 
substrate 3 01, and the trench 3 04 is filled with the conducting 
layer. The conducting layer 312, such as a poly layer, is 
recessed to a predetermined thickness . The exposed spacer and 
the exposed barrier layer 310 are removed using the conducting 
layer 312 as an etching mask to form a spacer 311 and a barrier 
layer 310a . The spacer 311 , such as an oxide layer or a nitride 
layer, acts as a collar insulating layer to isolate the bottom 
plate and a conducting wire formed subsequently. 

In FIG. 3g, a barrier layer 313 is conformally formed 
on the exposed semiconductor substrate 3 01 on the first sidewall 
304a, the sidewall layer 309, and the poly layer 307 of the 
trench 304 . A conducting layer is formed on the semiconductor 
substrate 301 , and the trench 3 04 is filled with the conducting 
layer. The conducting layer is planarized to expose the pad 
nitride layer 303 and leave the conducting layer 314, such 
as a poly layer, in the trench 304. A conducting wire of the 
capacitor consists of the conducting layer 314 and the 
conducting layer 312. 

FIG. 3h is an AA line cross-section of FIG. 3g. In FIG. 
3h, the sidewall layer 309 is formed beside the conducting 
layer 314, and the capacitor wires are isolated effectively 
from each other. 

While the invention has been described by way of example 
and in terms of the preferred embodiments , it is to be understood 
that the invention is not limited to the disclosed embodiments . 
To the contrary, it is intended to cover various modifications 
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and similar arrangements (as would be apparent to those skilled 
in the art ) . Therefore , the scope of the appended claims should 
be accorded the broadest interpretation so as to encompass 
all such modifications and similar arrangements. 
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